The aim of this study was to design an abutment with an esthetic emergence profile contour using CAD technology and compare the stress distribution within the structure between the custom abutment and conventional abutment according to the screw tightening torque using 3D finite element analysis (FEA). The maximum tensile principal stress was found in the endpoint of the screw head and the start point of the screw line with regard to the application of the tightening torque of the screw. A similar pattern was observed in all of the following screws: 10N·cm, 20N·cm, and 30N·cm. The tightening torque of the screw had a significant impact on the changes in the stress of the abutment and screw fixture. This study also found that the condition in which the screw load was applied showed a more realistic description of the behavior of a single fixed dental implant than the condition in which the screw load was not applied. This study examined the optimal tightening torque value of the screw for the denture used in this study at a location slightly higher than 20N·cm. The difference in the custom abutment and conventional abutment did not have a significant impact on the supporting bone with regard to the external load. In regard to the stress occurring in the screw, the custom abutment had a lower degree of stress than the conventional type. Therefore, a screw fracture would occur less frequently in a custom abutment than a conventional abutment.
Introduction
As implant prostheses have become more generalized, there has been a significant increase in aesthetic interest. Accordingly, it is important to continuously solve the issues of producing functionally excellent and aesthetically successful implants. Because the small diameter and uniform round shape of the fixture are different from the form of the tooth root of natural teeth, it is difficult to produce a crown in the form of lost natural teeth, and there are issues regarding the design of the abutment structure that supports a restoration (Bichacho, 1998; Ting, Wenhe, Ning, & Chunbo, 2010) . The conventional abutment used in the fixture restoration is standardized, and the ease of use and suitability is excellent. On the other hand, there is a limitation in applying conventional abutments to all clinical cases. In other words, the use of a conventional abutment is limited in oral conditions, such as inappropriate location and angle of the fixture and poor thickness of the gum around that (Rieder, 1996) . To solve the problems of conventional abutments, with the rapid development of latest computer technology, custom abutment production systems using computer-aided design and computer-aided manufacturing (CAD/CAM) have been introduced to dental clinics (Luthardt, Sandkuhl, Herold, & Walter, 2001; McLaren & Terry, 2002) . The abutment production of the CAD/CAM system for dental clinics does not require a casting process that causes casting failure or inappropriateness, which can occur in abutment production, compared to existing casting methods, in the production of the abutment in the casting method. In addition, with the decreasing working hours of the operator, it was reported that the suitability and mechanical properties of the abutment are also excellent (Grossmann, Pasciuta, & Finger, 2006) . A custom abutment can give an angle suitable for the oral health status in software or represent an appropriate margin shape in the gingival form, so an ideal upper implant can be produced. In addition, because its production is customized for individuals, an additional emergence profile can be given. Furthermore, the production of aesthetic implants is easy and oral hygiene management is relatively simple, which is good for the health of the surrounding tissues (Heydecke, Sierraalta, & Razzoog, 2002) . Because implant prosthesis restorations are generally assembled systems that consist of three elements including upper implant, abutment and fixture, the mechanical properties of each part change according to the conditions of the connection. Therefore, the transfer of power for each part differs, and there are differences in the joints and the distribution of internal stress of each part. (Wang et al., 2009 ) A fixture and an abutment are connected through a screw, and the conditions of the connection by the tightening torque can be an important factor affecting implant restoration (Alkan, Sertgöz, & Ekici, 2004) . Prosthetic treatment using implants shows an approximately 5-10% failure rate, and it was reported that most cases are accompanied by a screw loosening phenomenon (Jung RE, Pjetursson BE, Glauser, Zembic, Zwahlen, & Lang, 2008) , (Jemt, Linden, & Lekholm, 1992) . To prevent this phenomenon, it was reported that the stability could be improved by giving an appropriate full weight load when connecting a fixture to an abutment (Jorneus, Jemt, & Carlsson, 1994; Binon, Franz, Brunski, & Gulbransen, 1994; Norton, 1999) . The screw tightening torque affects the transfer of power, i.e., stress distribution between a fixture and the cortical bone and between an upper implant and the fixture. If the screw tightening torque is appropriate and the connection between the fixture and abutment is stable, even under the action of masticatory pressure, it would be as solid as the structure of the integrated fixture, and no screw loosening would occur. Similarly, despite the importance of the screw tightening torque in the restoration of implant prostheses, there has been little systematic research on the screw tightening torque of a custom abutment. An effective design, which can disperse an occlusal load during mandible function exercise and the load on the cortical bone, is required (Geng, Tan, & Liu, 2001; Clelland, Ismail, Zachi, & Pipko, 1991; Rieger, Adams, & Kinzel, 1990) . Therefore, this study would design an abutment with and aesthetic emergence profile using CAD technology and compare the bio-mechanical difference between the custom abutment and conventional abutment according to the screw tightening torque through 3D finite-element analysis.
Materials and Method

Custom Abutment Design
To design a custom abutment, the proper position of the implant was acquired. For an implant-level impression, the position of the encoded healing abutment was arranged (MyD, RaphaBio, Seoul, Korea). An intraoral scanner (Trios, 3Shape, Copenhagen, Denmark) was used to obtain the scan data of the encoded healing abutment-level. The scan data was entered into the corresponding CAD software (MyD) ( Figure 1A ). First, using the surface fitting tool, the digital model of the encoded healing abutment and the library data was aligned into the scan body ( Figure  1B ). The result of the aligned model was obtained ( Figure 1C ). To obtain a functionally and esthetically proper result, a virtual prosthesis was selected from the authors' library database of artificial teeth ( Figure 1D ). The virtual artificial teeth were then fixed with CAD software of modification, movement, and rotation ( Figure 1E ). In addition, the shapes of the custom abutment were designed using the ball control with the recorded step. The long axis of the virtual prosthesis was set as the reference direction. In accordance with the long axis, the convergence angle of the custom abutment was set to 3.75°, and the radius of curvature upon upper angle area was set to 0.7 mm ( Figure 1F ). The margin was designed as a 1 mm-wide rounded shoulder Figure 1G . Red ball control was used to set the length and width of the anatomical emergence profile design ( Figure 1H ). To satisfy the individual esthetics and cleaning needs, the cervical margin was set to 0.8-1 mm under an individual gingival margin. Twelve small-sized yellow ball controls were used to adjust the length and the volume of the collars under the cervical margin. This collar design allows the maximum tissue volume and stability of the gingiva. The abutment was also designed according to the natural shape of the prepared teeth ( Figure 1I ). 
Finite-Element Model
For the path guide, (I) the abutment axial plane and angle site and (J) the margin and radius of abutment were set. For the cortical bone and cancellous bone of the human body, the entire structure part was assumed to be substances with isotropy, homogenization, and linear elasticity for finite-element analysis by anisotropy or numerical calculations. For modeling and finite-element stress analysis, the finite-element analysis general program, NX 10 (NX10.0.0.24, SIEMENS, Germany) Software was used. After the STL file of the custom abutment produced with the method described above was retrieved in the NX, a reverse design of the custom abutment was carried out using the method for producing the surface based on STL Geometry. Figure 2 shows 3-D images of the custom and conventional abutments. Only differing the shapes of the custom and conventional abutments, the fixture, screw, cortical bone, and cancellous bone were modeled in the same manner. The diameter of the screw was 1.8 mm, and the distance between the screw head and helix was 5.1 mm. In addition, the model employed in this study was a Dio implant system (4.5 mm diameter × 11.5 mm; Dio, Busan, Korea), abutment screw (Ø 1.8 mm × 8.5 mm; Dio), and custom abutment. The abutments, screws, and fixtures used in this study were used to examine the properties of the Ti-6Al-4V material actually produced. Table 1 lists the properties of the material used in this study (Akça & Iplikçioğlu, 2001 ). The Ti-6Al-4V alloy was reported to have an elastic coefficient of 117.0GPa and a Poisson's. Ratio of 0.35; its yield strength is 880MPa for Grade 5 and its maximum tensile strength reaches 950 MPa. (Clelland, Ismail, Zachi, & Pipko, 1991) , (Jemt, Laney, & Harris, 1991) The cortical bone was modeled in an image, in which the cortical bone with a thickness of 1.4-3.7 mm surrounded the outer angle of the cancellous bone. In contrast, the conventional abutment (4.5 mm diameter × 11.5 mm; Dio, Busan, Korea) was designed by describing the image selling standard. The fixture was implemented with a diameter of 4mm and a length of 13 mm. Figure 2 -f shows a section of the 3-D images of the custom and conventional models. The implant was positioned in the cortical and cancellous bone block. Such a configuration allowed a delicate simulation of all models in NX 10 (Siemens PLM Software, Germany). The three-dimensional CAD geometry models was imported into ABAQUS Workbench 6.12 to generate finite elements and perform the numerical simulation. All components were meshed with a 10-node tetrahedron element (mean size: 0.5 mm) using C3D10 type elements readily available in the ABAQUS element library (Table 1) . 
Load and Bond Condition
A perfect bond was presumed because the fixture and cortical bone, and the fixture and screw are combined by the helix, and the fixture and abutment are also combined firmly by the screw tightening torque. On the other hand, a contact condition with a friction coefficient of 0.3 was used on the outside of the screw head and the inside of the abutment. Figure. 3-a shows this boundary condition. As in the Figure, both sides were bonded completely so that no movements to the X-, Y-and Z-axes could be made.
For the screw tightening torque, axial forces that come under 10N·cm, 20N·cm, and 30N·cm were calculated, and it was applied to the middle of the screw head and the helix, as shown in Figure. 3-b. For the screw axial force, the equation 1 (Brown, M, & B. Durbin, 2013 ) was used and the torque coefficient was assumed to be 0.2. Table 3 lists the calculated axial force.
T = KDF
where T = tightening torque (N·m), F = axial force (N), D = screw diameter (m), and K = torque coefficient.
A one point force of 175 N was applied 30° oblique to the long axis of the implant coming from the buccal direction. The equivalent stress on the abutment screw caused by the loading conditions were analyzed ( Figure. 3-a). (Dong, Kebin, Jiang, Hua, Wenxiu, & Yuyu, 2015) gjhs Vol. 9, No. 9; 2017 169 Figure 3. Quantity of the elements of the finite element model 
Fatigue Analysis
Goodman's fatigue life theory (Budynas & Nisbett, 2008 ) was reported to be appropriate for a fatigue life evaluation by the static and dynamic loads. (Mahmut & Hasan, 2011 
Goodman fatigue life theory using the mean stress σ m and stress amplitude σ a can be defined as follows: where σ e is the fatigue limit; σ u is the maximum tensile strength; and n is the fatigue safety coefficient. The Goodman safety coefficient was calculated, placing the fatigue limit of 510MPa in the above expression when the fatigue cycle of the Ti-6Al-4V material was 10 7 times, as listed in Table 6 .
Results
Action of Screw Tightening Torque
By the action of the screw tightening torque, the tensile strength acts in the screw while compression strength acts in the abutment and fixture. Figure 4 shows the section of the custom prosthesis to which 20N·cm was applied, as well as the Max. and Min. Principal. The maximum tensile principal stress appeared in the bottom part of the screw head, and then in the part where the helix began. The maximum compressive stress occurred in the abutment connected to the screw head while in the fixture, it occurred in the part connected to the helix of the screw. In each load and bonding condition of this experiment, the action of the screw tightening torque showed a similar trend in the conventional abutment and custom abutment (Figures of 10N·cm and 30N·cm analysis are attached to the appendix). Table 4 lists the stress when only the screw tightening torque was applied while no oblique loading was applied. Figure 5 shows the distribution of the custom and conventional stress when the screw tightening torque was 20N·cm. The highest stress occurred in the screw by the screw tightening torque, followed by the abutment and fixture. In addition, the maximum stress on the screw appeared at the bottom part of the screw head. The custom and conventional stress to the screw by the 10N·cm tightening torque were 287.2 MPa and 286.5 MPa, respectively, which are 33% of the yield strength of the material. The screw stress at 20N·cm was 573.9 MPa and 572.4 MPa, respectively, in the custom and conventional abutment, and 65% of the yield strength of the material which is at a slightly lower level than 75%. When a 30N·cm tightening torque was applied, the screw stress was 859.7 MPa and 857.6 MPa in the custom and conventional abutments, respectively, which is approximately 880MPa, the yield strength of Ti-6Al-4V. Figure 6 shows the distribution of the principal stress to the cortical bone when only a 20N·cm tightening torque was applied. For the cortical bone, the Max. and Min. Principal appeared in the opposite part, where the screw of the fixture came into contact with the cancellous bone. For the cancellous bone, Max. and Min. Principal appeared in a similar part in the helix, where it came into contact with the cortical bone. Table 4 shows that the difference in the shape of the custom and conventional abutments had little effect on the Max. and Min. Principal stress on the cortical bone. Table 5 lists the value of the stress of an analysis conducted, assuming the case in which there was no screw tightening torque and a case in which tightening torques of 10N·cm, 20N·cm, and 30N·cm were given and an oblique loading of 175N was applied together. An analysis without the screw tightening torque showed that the maximum stress occurred in the abutment, followed by the fixture and screw. 
Stress Behaviors of Custom/Conventional Abutment Prothesis
Fatigue analysis
Based on table 6 for the under oblique load, the highest value of SF occurred at 10N cm. The second level of SF was at 20N cm, which were approximately at the same level. In addition, 30N cm had the third level of SF. The highest value of SF (3.0) was observed at 10N cm. A comparison of the SF of two type models showed a slight difference. 
Discussion
The aim of this study was to design an abutment with an aesthetic emergence profile using CAD technology and compare the bio-mechanical difference between the custom abutment and conventional abutment according to the condition of the screw tightening torque through a 3D finite-element analysis. In studies conducted previously to utilize the effect of the application of screw tightening torque, a method using the elongation displacement of the screw used by Sakaguchi and Borgersen et al. (Sakaguchi & Borgersen, 1995) and a method using the thermal contraction of the screw used by Alkan et al. (Alkan, Sertgoz, & Ekici, 2004) have been reported. Errors might appear in the research results in situations where abnormal physical conditions are given in the object of analysis, e.g., the screw in the method of screw thermal contraction, while it might be impossible to apply stress in both directions of the structure analyzed using the structure displacement method. Therefore, the tightening torque in this study was implemented so that only the torque would be applied by generating a tensile force as the screw is elongated by the turning force when the screw is connected in the fixture structure and the compressive stress that occurs in the screw head part contacting the inside of the fixture and in the contact interface between the female screw part and the male screw part. The problems raised as demerits of a screw maintenance fixture include that it requires more accurate suitability than a cement fixed type and that there is a reduction of the occlusal area because gjhs.ccsenet.org
Global Journal of Health Science Vol. 9, No. 9; 2017 of the hole for screw formed in the implant. The greatest clinical issues include loosening of the screw used to maintain and fix the implant and the problem caused by fractures from complex factors, such as the iterative masticatory load, incorrect fitting of the implant, application of a non-functional force, occlusal overload, abnormal occlusal relationship, fixture implant design or the defect of material. (Hebel & Gajjar, 1997; Singer & Serfaty, 1996; Chae, Jong, & June, 1997; Jorneus, Jent, & Carlsson, 1992; Kallus & Bessing, 1994; Haack et al., 1995; Burguete et al., 1994; Naert et al., 1992; Jemt et al., 1991; Rangert et al., 1995; Moon, 2002; Balshi, 1996; W. Becker & B. E. Becker, 1995) . From the result of the action of the screw tightening torque (Figure 3-b) , the compressive stress appeared in the abutment and fixture around the screw. Therefore, the axial force of the screw tightening torque was properly reflected in the analytical model. The key indicators, such as an abutment, fixture, and screw, were used to judge the fracture of a metal material with ductility to determine if the maximum torsional energy, Von Mises stress has reached the yield strength of the material. On the other hand, because a material with fragility like the cortical bone can judge the fracture through principal stress, this study showed the results of the analysis with the Von Mises stress for the abutment, fixture and screw and with the principal stress for the cortical bone. The maximum tensile stress and compression strength of the cortical bone were 100-130 MPa and 170-190 MPa, respectively, and that both the compressive stress and tensile stress of the cancellous bone should be below 5 MPa so that no fracture occurs. The results of Max. and Min. Principal stress on the cortical bone in Table 4 of this study show a stress below 5MPa, and that there is no large impact of the difference in the shape between the custom and conventional abutment on stress to the cortical bone. According to Paul Binon , many studies of the screw showed that the tightening torque applied to the screw to prevent loosening is appropriate when it is 75% of the torque that causes the material fracture. The screw is in charge of fixing an abutment to a fixture so that it does not move. On the other hand, screw loosening occurs if the tightening torque is weak, whereas if it is too high, the screw is broken and loses its function as an artificial tooth, and there is great difficulty in removing the helix of the broken screw. Therefore, proper management of the tightening torque is very important. According to the result of an analysis of the screw stress by a 10N·cm tightening torque, it was judged that screw loosening may occur if the masticatory load is conveyed repeatedly to the prosthesis. In contrast, in the 30N·cm one, the screw would be fractured if a strong external power is applied to the prosthesis from dozens to millions of times. In addition, in Table 5 , as a result of the analysis, assuming a case in which no screw tightening torque was applied and a cases in which 10N·cm, 20N·cm, and 30N·cm full weight loads were applied with an oblique loading, when screw tightening torque was not applied, the maximum stress occurred in the abutment, followed by the fixture and screw. This tends to be different from the case, in which screw tightening torque was applied, and considering that the damage on implants occurs mostly in the screw in the clinic, it was judged that the cause for the occurrence in the clinic was not detected appropriately. In the results of the 20N·cm screw tightening torque and oblique loading in Table 5 , the screw stress of Model 1 was 7.9 Mpa lower than that of Model 2 and the fixture was 0.9 MPa higher. The difference was within 1.5% of the total stress, but a custom abutment is better than a conventional one considering that a loss of function by prosthetic fracture occurs mostly in the screw. The difference between the custom and conventional abutments had little effect on the cortical bone. The Max.and Min. Principal stress on the cortical bone summarized in Table 5 is within the fracture criterion mentioned above, and there was almost no difference between the two models. In addition, fracture can occur in a metal material, even below the yield strength by the iterative load, which is called fatigue fracture. (Shackelford & James, 2005) This should be considered together because in a prosthesis, the screw tightening torque, static load and external force, dynamic load act simultaneously. Table 6 lists the safety factor of custom implant system with three different tightening torques under the loading condition of oblique. The SF is often calculated based on the yield stress over the design stress. The minimum criterion value of the SF was assumed to be 1, which explains why the load generated in the structure reaches the failure limitation. All results of the safety coefficient exceeded the critical mass safety coefficient 1.0 that could endure a 175N oblique load 10 times. On the other hand, since the Goodman's safety coefficient of architectures or main machine parts is designed to be higher than 2.0-2.5, it was judged to be necessary to secure a safety coefficient at least about 1.5 for the prosthesis. Therefore, it is appropriate to determine the screw tightening torque around 20N·cm. The limitations of this study include the differences in the homogenization and isotropy of the cortical bone, which were set up as the initial hypotheses, and the actual occlusal force in the human body is a dynamic load, which is different from the static load in the duration and size of stress, so it is necessary to conduct studies of more precise material properties, model composition, and load application. In addition, because the parameter value of the custom abutment in a form limited to some patients was used, it is essential to conduct a study that can set up clinically allowable category guidelines in designing custom abutment in the future.
Conclusion
This study examined the stress behaviors of custom and conventional prostheses by an external load, and the following conclusion was obtained. The screw tightening torque affected the changes in the stress of the abutment, screw, and fixture. The status, in which the screw load was applied, described more realistic prosthesis fracture behavior than the one in which it was not. With the finite-element model used in this study, the appropriate screw tightening torque showed a stable stress dispersion when a 20N·cm screw tightening torque was applied more than when 10N·cm and 30N·cm ones were applied. The difference between the custom and conventional abutment has little effect on the cortical bone by the external load. Less screw fracture occurred in the custom abutment because the stress occurring in the screw showed a lower result in the custom abutment than in the conventional one.
